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Description 

[0001] The present invention relates to an electronic 
circuit apparatus having a plurality of circuit boards (sub- 
strates) mounting a plurality of electronic parts thereon, 
and a motherboard joined to the circuit boards, and a 
method for assembling such an electronic circuit appa- 
ratus. More particularly, the present invention relates to 
an electronic circuit apparatus capable of efficiently dis- 
sipating heat generated by power devices, and requiring 
reduced work for assembling the same. 
[0002] In a conventional electronic circuit apparatus 
such as disclosed in JP-A-8-111575, semiconductor 
chips are mounted directly on a circuit board. Position- 
ing pins attached to the circuit board are inserted in 
holes formed in a motherboard to connect the circuit 
board and the motherboard. The circuit board is made 
of a metal to dissipate heat generated by power devices. 
[0003] If this apparatus has a plurality of circuit boards 
to achieve many functions, the motherboard needs an 
increased number of holes for receiving the positioning 
pins of the circuit boards. The holes reduce a space 
available for mounting electronic parts on the mother- 
board. Assembling the circuit boards with the mother- 
board requires increased man-hours. Furthermore, heat 
generated by the power devices on the circuit boards 
cannot be absorbed nor dissipated efficiently, because 
the circuit boards are provided individually with heat ra- 
diating fins (heatsinks). 

[0004] From patent US 5,432,678 there is known a 

mounting device for mounting circuit boards on an print- 
ed circuit board, wherein the mounting device functions 
as a frame for the circuit boards and thereby provides 
also cooling of the circuit boards. 
[0005] It is therefore an object of the present invention 
to provide an electronic circuit apparatus capable of re- 
ducing space necessary for mounting on a motherboard 
a plurality of circuit boards mounted with a plurality of 
electronic parts thereon. 

[0006] It is another object of the present invention to 
provide an electronic circuit apparatus capable of effi- 
ciently absorbing and dissipating heat generated by 
power devices mounted on a plurality of circuit boards. 
[0007] It is a still another object of the present inven- 
tion to reduce man-hours necessary for mounting a plu- 
rality of circuit boards on a motherboard. 
[0008] This objects are solved by subject-matter of in- 
dependent claims 1 and 18. Further advantagous mod- 
ifications of the present invention are subject-matter of 
the dependent claims. 

[0009] In an electronic circuit apparatus according to 
one aspect of the present invention, a plurality of circuit 
boards having a plurality of electronic parts including 
heat-generative electronic parts thereon are joined to 
one of a plurality of heat radiating members. A mother- 
board is connected to the circuit boards. Heat generated 
by the heat-generative electronic parts on the circuit 
boards can efficiently be absorbed and radiated by the 



heat radiating members, which are arranged in heat 
conductive relation with a case made of a material hav- 
ing a high thermal conductivity and assembling the cir- 
cuit board and the motherboard requires reduced man- 
5 hours. The electronic parts on the circuit boards and wir- 
ing patterns may be sealed simultaneously in a resin for 
packaging after bonding the circuit boards to the heat 
radiating member, thus requiring reduced man-hours for 
packaging. 

10 [0010] In assembling the electronic circuit apparatus, 
the circuit boards are bonded to the heat radiating mem- 
ber, and then the heat radiating member is assembled 
on the motherboard. 

[0011] In an electronic circuit apparatus according to 
^5 another aspect of the present invention, a plurality of 
circuit boards mounted with a plurality of electronic parts 
arejoinedto a motherboard. A case has walls projecting 
toward the motherboard surrounds at least a part of a 
region in which the electronic parts are disposed. Thus, 
20 the efficiency of heat transfer from the electronic parts 
on the circuit boards to the case can be improved. The 
walls shield incoming noise to maintain the electronic 
circuits to be noise-resistant. 

[0012] Other objects, features and advantages of the 
25 present invention will become more apparent from the 
following detailed description made with reference to the 
accompanying drawings. 
[0013] In the drawings: 

30 Fig. 1 is a perspective view showing an electronic 

circuit apparatus according to a first embodiment of 
the present invention; 

Fig. 2 is a fragmentary sectional view showing a part 
of the electronic circuit apparatus shown in Fig. 1 ; 

35 Fig. 3 is a schematic view showing an arrangement 
of a plurality of circuit boards on a heat radiating fin 
in the electronic circuit apparatus shown in Fig. 1 ; 
Figs. 4(a), 4(b) and 4(c) are schematic views of 
modified arrangements of the circuit board in the 

40 electronic circuit apparatus shown in Fig. 1 ; 

Fig. 5 is a schematic view of the circuit board in the 
electronic board shown in Fig. 1 ; 
Fig. 6 is a fragmentary sectional view of a part of an 
electronic circuit apparatus according to a modifica- 

45 tion of the first embodiment of the present invention; 
Fig. 7 is a fragmentary plan view showing a wiring 
pattern formed on a motherboard in an electronic 
circuit apparatus according to another modification 
of the first embodiment of the present invention; 

50 Fig. 8 is an exploded perspective view showing a 
method of assembling the circuit boards and heat 
radiating fin with the motherboard according to the 
first embodiment of the present invention; 
Fig. 9 is a fragmentary sectional view showing one 

55 method of connecting the heat radiating fin and the 
case in the first embodiment of the present inven- 
tion; 

Fig. 1 0 is a fragmentary sectional view showing an- 
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other method of connecting the heat radiating fin 
and the case in the first embodiment of the present 
invention; 

Fig. 11 is a perspective view showing an electronic 
circuit apparatus according to a second embodi- 
ment of the present invention; 
Fig. 12 is a fragmentary sectional view of a part of 
the electronic circuit apparatus shown in Fig. 11 ; 
Fig. 13 is a fragmentary sectional view of a part of 
an electronic circuit apparatus according to a mod- 
ification of the second embodiment of the present 
invention; 

Fig. 14 is a fragmentary sectional view of a part of 
an electronic circuit apparatus according to another 
modification of the second embodiment which is not 
within the scope of the present invention; and 
Fig. 15 is a fragmentary sectional view of a part of 
an electronic circuit apparatus according to a further 
modification of the second embodiment of the 
present invention. 

[001 4] The present invention will be described in more 

detail with reference to various embodiments in which 
the same or like parts are denoted by the same or like 
reference numerals. 

(First Embodiment) 

[0015] Referring first to Figs. 1 and 2, an electronic 
circuit apparatus 100 has a plurality of thick film type 
ceramic circuit boards 10A, 10B, IOC and 10D, i.e., ce- 
ramic circuit boards for thick films, capable of highly ef- 
ficient heat radiation. The circuit boards 10A, 10B, IOC 
and 10D have different control functions, respectively. 
The circuit boards 10A, 10B, IOC and 10D are desig- 
nated inclusively as circuit boards 1 0. 
[0016] Each of the circuit boards 10 is provided with 
at least one driving transistor (power transistor) 21 , i.e., 
a heat-generative power device, and other electronic 
parts 22 such as resistors and capacitors. The circuit 
boards 1 0 are bonded to a heat radiating fin 40 made of 
aluminum or the like to absorb and dissipate heat gen- 
erated by the driving transistor 21 with adhesive films 
45 having a high thermal conductivity such as a silicone 
adhesive. 

[001 7] Terminals 31 arranged on the circuit boards 1 0 
for electrical connection are inserted in corresponding 
holes 60a formed in a motherboard 60 through an insu- 
lating terminal arraying member 35 and are soldered to 
terminals arranged on the motherboard 60. The moth- 
erboard 60 has other electronic circuit devices 61 
mounted thereon. The terminal arraying member 35 is 
provided with a plurality of taper holes 35a at positions 
corresponding to the positions of the terminals 31 of the 
circuit boards 1 0. The arrangement of the terminals 31 
and the state of holding the temriinals 31 are ensured by 
inserting the terminals 31 of the circuit boards 1 0 in the 
holes 35a of the terminal arraying member 35. There- 



fore, the positional relation between the holes 60a 
formed in the motherboard 60 and the terminals 31 of 
the circuit boards 1 0 can be ensured, and the terminals 
31 of the circuit boards 10 can easily be inserted in the 

5 holes 60a of the motherboard 60. 

[0018] The heat radiating fin 40 to which the circuit 
boards 1 0 are bonded is fixed to the motherboard 60 
with screws 49. A connector unit 50 is fixed to the moth- 
erboard 60 with screws 59 at a position near one side 

10 of the motherboard 60. Terminals 51 of the connector 
unit 50 are electrically connected to the terminals of the 
motherboard 60 by soldering. The motherboard 60 thus 
mounted with the heat radiating fin 40 and the connector 
unit 50 is contained in a case 70 made of a material hav- 

^5 ing a high thermal conductivity, such as aluminum, and 
a cover, not shown, made of aluminum or the like is fas- 
tened to the case 70 with screws to complete the elec- 
tronic circuit apparatus 100. 

[0019] The case 70 has lateral protrusions 75 on its 
20 inner surface. The protrusions 75 are in contact respec- 
tively with lateral protrusions 41 formed at the opposite 
ends of the heat radiating fin 40 to transfer heat from the 
heat radiating fin 40 to the case 70 and to radiate the 
heat from the case 70. Only a side of connecting termi- 
25 nals of the connector unit 50 fixed to the motherboard 
60 is exposed outside through an opening 71 formed in 
the case 70. 

[0020] In this electronic circuit apparatus 100, the 
heat radiating fin 40 is disposed inside the case 70 sub- 
30 stantially in parallel with the connector unit 50 in a posi- 
tion like a screen. The interior of the electronic circuit 
apparatus 100 is electromagnetically shielded by the 
case 70, the cover (not shown) and the heat radiating 
fin 40, all being made of aluminum or the like and dis- 
ss posed on the side of the opening 71 . 

[0021] Thus, in the electronic circuit apparatus 100, 
all the circuit boards 10 mounted with the electronic 
parts 21 and 22 are joined to the single heat radiating 
fin 40, and the heat radiating fin 40 is fastened to the 
40 motherboard 60. Therefore, heat generated by the driv- 
ing transistors 21 mounted on the circuit boards 10 can 
efficiently be absorbed and dissipated by the heat radi- 
ating fin 40, and work necessary for combining the cir- 
cuit boards 1 0 with the motherboard 60 can be reduced. 
45 Since the electronic parts 21 and 22 mounted on the 
circuit boards 1 0, and wiring patterns formed on the cir- 
cuit boards 10 can be encapsulated in a resin or the like 
for packaging after bonding the circuit boards 1 0 to the 
heat radiating fin 40, work necessary for packaging can 
50 be reduced. 

[0022] The electronic circuit apparatus 1 00 in this em- 
bodiment has the case 70 containing the motherboard 
60, and the protrusions 75 formed on the case 70 are in 
contact with or bonded to the protrusions 41 formed on 
55 the heat radiating fin 40 to transfer heat generated by 
the driving transistors 21 through the heat radiating fin 
40 to the case 70. That is, heat generated by the driving 
transistors 21 is transferred through the heat radiating 
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fin 40 to the case 70. Consequently, the case 70 having 
a large heat capacity serves as a heat radiating nnennber, 
so that heat generated by the driving transistors 21 can 
efficiently be absorbed and dissipated. 
[0023] The electronic circuit apparatus 1 00 is provid- 
ed with the connector unit 50 for electrically connecting 
the motherboard 60 to external wiring, and the connec- 
tor unit 50 is disposed near the heat radiating fin 40. 
Thus, the distances between the driving transistors 21 
nnounted on the circuit boards 1 0 and the connector unit 
50 can be reduced to the least possible extent, so that 
high current flowing in the power transistors 21 can ef- 
ficiently flow to the connector unit 50. If leads are formed 
near the connector unit 50 on the motherboard 60 so as 
to match with the position of the heat radiating fin 40 
holding the circuit boards 10 near the connector unit 50, 
parts in those range can be soldered by flow soldering, 
and parts outside those ranges can be soldered by re- 
flow soldering. Therefore, lands of parts surface-mount- 
ed on the motherboards 60 may be small and packaging 
density can be increased. 

[0024] The electronic circuit apparatus 1 00 has a ter- 
minal arraying member 35 provided with holes 35a ar- 
ranged so as to correspond to the terminals 31 of the 
circuit boards 10 (10A, 10B, IOC, 10D), and the termi- 
nals 31 are extended through the terminal arraying 
member 35 and are electrically connected to the moth- 
erboard 60. The positional relation between the termi- 
nals 31 and the holes 60a of the motherboard 60 can 
be ensured by inserting the terminals 31 of the circuit 
boards 10 in the holes 35a of theterminal arraying mem- 
ber 35, so that the terminals 31 of the circuit boards 1 0 
can easily be inserted in the holes 60a of the mother- 
board 60. 

[0025] The electronic circuit apparatus 100 has the 
circuit boards 1 0 (1 OA, 1 0B, 1 0C, 1 0D) made of a ma- 
terial capable of highly efficient heat radiation and prev- 
alently used for forming thick film circuit boards. There- 
fore, heat generated by the driving transistor 21 mount- 
ed on the circuit boards 1 0 can efficiently be transferred 
to the heat radiating fin 40 and hence temperature rise 
in the driving transistors 21 can be suppressed. 
[0026] The circuit boards 1 0 are designed for specific 
control functions. For example, if the electronic circuit 
apparatus 100 is for an engine control, the circuit board 
1 0A may have a power supply control circuit for the elec- 
tronic circuit apparatus 100, the circuit boards 10B and 
1 0C may have fuel injection control circuits, and the cir- 
cuit board 10D may have a motor control circuit for con- 
trolling a d.c. motor for operating a throttle. The control 
circuits are provided with necessary electronic parts 
such as driving transistors (DTr), power control integrat- 
ed circuits (PC-IC), pre-driver (PDr), resistors (R), di- 
odes (D) and capacitors (C). The circuit boards 10 are 
disposed at predetermined positions, respectively, on 
the heat radiating fin 40 and are bonded to the heat ra- 
diating fin 40 with the adhesive films 45. 
[0027] Since the circuit boards 10 are assigned to 



specific control operations, respectively, circuit boards 
having different control functions desired in a vehicle 
may be bonded to the heat radiating fin 40 as shown in 
Figs. 4(a), 4(b) and 4(c). An assembly shown in Fig. 4 

5 (a) can be used for controlling a four-cylinder internal 
combustion engine requiring the circuit board 10A pro- 
vided with a power supply control circuit, the circuit 
boards 1 0B and 1 0C provided with fuel injection control 
circuits, and the circuit board 1 0D provided with the mo- 

10 tor control circuit. An assembly shown in Fig. 4(b) can 
be used for controlling a four-cylinder internal combus- 
tion engine requiring the circuit board 1 0A provided with 
the power supply control circuit and the circuit boards 
1 0B and 1 0C provided with the fuel injection control cir- 

15 cuits, and not requiring the circuit board 10D provided 
with the motor control circuit. Thus, only the necessary 
ones of the circuit boards 1 0 (1 OA, 1 0B, 1 0C, 1 0D) are 
bonded to the heat radiating fin 40. Therefore, the heat 
radiating fin 40, the motherboard 60 and the case 70 

20 can be used as common parts for constructing various 
assemblies. 

[0028] Since the circuit boards 1 0 are constructed for 

the specific control functions, respectively, an assembly 
shown in Fig. 4(c) for controlling a six-cylinder internal 

25 combustion engine can be formed by adding another cir- 
cuit board 1 0E provided with a fuel injection control cir- 
cuit to the assembly shown in Fig. 4(a) and using a heat 
radiating fin 40 having a larger heat radiating fin 40. 
Since the circuit boards 10 (10A, 10B, IOC, 10D, 10E) 

30 are capable of specific control functions assigned there- 
to, respectively, the circuit boards 10 can selectively be 
used in combination to construct an assembly having 
control functions required by a vehicle, and the use of 
the parts as common parts can easily be achieved. 

35 [0029] Since the circuit boards 1 0 are capable of spe- 
cific control functions, respectively, an assembly meet- 
ing conditions required by a vehicle can be formed by 
bonding only the circuit boards 10 capable of control 
functions required by the vehicle to the heat radiating fin 

40 40. Only the necessary ceramic circuit boards 10 are 
bonded to the heat radiating fin 40 to use the heat radi- 
ating fin 40 as a common part. The motherboard 60 and 
the case 70 can be used as common parts. 
[0030] In this embodiment, as shown in Fig. 5, each 

45 circuit board 10 has a circuit including the driving tran- 
sistors (DTr) 21 for driving a controlled system, and the 
other electronic parts (PC-IC, C, D, R) 22 for controlling 
the driving transistors 21 . Since the circuit boards 1 0 are 
provided with individual circuits including the power de- 

50 vices, respectively, an assembly meeting desired func- 
tions can easily be formed by bonding the selected cir- 
cuit boards 10 having desired control functions among 
the circuit boards 1 0 to the heat radiating fin 40, and the 
motherboard 60 can be used as a common part. 

55 [0031] In a modification shown in Fig. 6, the circuit 
boards 1 0 are bonded to a surface of the heat radiating 
fin 40 facing the connector unit 50 so that the circuit 
boards 10 are disposed to face the connector unit 50. 
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The heat radiating fin 40 is disposed substantially in par- 
allel with theconnectorunitSO in a position like ascreen. 
The circuit boards 10 are bonded to the heat radiating 
fin 40 so that the driving transistors (power transistors) 
21 and the other electronic parts 22 mounted thereon 
face the connector unit 50, When the circuit boards 10 
are thus bonded to the heat radiating fin 40, the radiation 
of heat generated by the driving transistors 21 on the 
nnotherboard 60 can be prevented and temperature rise 
in the electronic parts 61 can be reduced. 
[0032] In the electronic circuit apparatus 1 00, the heat 
radiating fin 40 is disposed substantially in parallel with 
the connector unit 50 with the circuit boards 10 (10A, 
10B, IOC, 10D) bonded thereto facing the connector 
unit 50. Therefore, radiant heat generated by the driving 
transistors 21 mounted on the circuit boards 10 is not 
transferred directly to the electronic parts 61 arranged 
on the motherboard 60 on the side of the surface of the 
heat radiating fin 40 opposite the side of the same to 
which the circuit boards 10 are bonded. Consequently, 
temperature rise in the case 70 can be suppressed. 
[0033] In another modification shown in Fig. 7, the 
surface of the motherboard 60 provided with the wiring 
pattern is coated with an insulating film. In this figure, 
broken lines indicate portions of the wiring pattern un- 
derlying the insulating film, and solid lines indicate 
lands. 

[0034] When the driving transistor 21 mounted on the 
circuit board 10 is connected electrically to an external 
controlled device (not shown), such as a d.c. motor, 
through the connector unit 50, generally, lines of the wir- 
ing pattern must be formed in a great thickness as com- 
pared with the magnitude of a driving current. Appropri- 
ate intervals must be secured between the adjacent ter- 
minals 31 arranged on the circuit board 10. In this em- 
bodiment, only the terminals 31 of the circuit board 10 
to be connected to the con nector unit 50 are bent toward 
the connector unit 50, and the rest of the terminals 31 
of the same are bent in the opposite direction. Conse- 
quently, lands 65 formed on the surface of the mother- 
board 60 and connected to the circuit board 10, and 
lands 66 connected to terminals 51 of the connector unit 
50 can be connected electrically by a wide, short con- 
ductive lines 68, i.e., power lines for a high current. The 
terminals 31 and 51 can be positioned at ashort interval. 
[0035] The above electronic circuit apparatus 100 
may be assembled as shown in Fig. 8, in which the ter- 
minal arraying member 35 and the case 70 are not 
shown. The circuit boards 1 0 mounted with the electron- 
ic parts including the heat-generative electronic parts 
are bonded to the heat radiating fin 40 with the adhesive 
films 45, thus providing an integral unit. Then, the ter- 
minals 31 of the circuit boards 10 bonded to the heat 
radiating fin 40 are inserted in the corresponding holes 
60a of the motherboard 60, and the heat radiating fin 40 
is fastened to the motherboard 60 with the screws 49. 
The terminals 31 of the circuit boards 10 are soldered 
to the lands of the motherboard 60 to connect electrically 



the circuit boards 10 to the motherboard 60. Thus, the 
circuit boards 10 can be inserted simultaneously in the 
motherboard 60 in a reduced assembling time, which 
improves productivity. 

5 [0036] The heat radiating fin 40 and the case 70 of the 
electronic circuit apparatus 100 may be assembled as 
shown in Figs. 9 and 10. In Fig. 9, the heat radiating fin 
40 is disposed in contact with the case 70 and is fas- 
tened with screws 79 to the case 70. Heat generated by 

10 the driving transistors 21 on the circuit boards 10 is 
transferred efficiently through the circuit boards 10, the 
adhesive films 45 and the heat radiating fin 40 to the 
case 70 and is radiated from the case 70. In Fig. 10, a 
heat-conductive sheet 46 is held between the heat ra- 

^5 diating fin 40 and the case 70. Heat generated by the 
driving transistors 21 on the circuit boards 10 is trans- 
ferred efficiently through the circuit boards 10, the ad- 
hesive films 45, the heat radiating fin 40 and the heat- 
conductive sheet 46 to the case 70 and is radiated from 

20 the case 70. Since this construction does not need work 
for fastening the heat radiating fin 40 to the case 70 with 
the screws (Fig. 9), the assembling work is improved 
further. 

25 (Second Embodiment) 

[0037] In this embodiment shown in Figs. 11 and 12, 
the case 70 has walls 72 projected from the inner sur- 
face of the top wall of the case 70 toward the mother- 

30 board 60 to define a groove opening toward the moth- 
erboard 60. The walls 72 defines a mounting space in 
which the driving transistors 21 and the electronic parts 
22 are mounted on the circuit boards 10 bonded to the 
heat radiating fin 40 in a position perpendicular to the 

35 motherboard 60 of the electronic circuit apparatus 1 00. 
Spaces between the inner surface of the wall 72 and the 
electronic parts 21 and 22 and between the inner sur- 
face of the other wall 72 and the bare surface of the heat 
radiating fin 40 are filled up with a heat-conductive sili- 

40 cone resin 73. 

[0038] The heat-conductive resin 73 is a fluidic gel in 
its initial state. A predetermined quantity of the fluidic 
heat-conductive resin 73 is poured first in the groove 
defined by the walls 72. Next, the heat radiating fin 40 

45 integral with the circuit boards 1 0 are inserted into the 
groove defined by the walls 72, and then the heat-con- 
ductive resin is thermally set to package the electronic 
parts 21 ad 22, the circuit boards 10 and the heat radi- 
ating fin 40 in the heat-conductive resin as shown in Fig. 

50 12. Heat generated by the driving transistors 21 istrans- 
ferred through the circuit boards 1 0 and the heat radiat- 
ing fin 40 and the heat-conductive resin 73 or directly 
through the heat-conductive resin 73 to the walls 72. 
Heat is further transferred from the walls 72 to the case 

55 70 having a large heat capacity, and is absorbed by and 
radiated from the case 70. 

[0039] At least certain area of the circuit boards 1 0 in 
which the electronic parts 21 and 22 are arranged are 
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surrounded by the walls 72 projecting fronn the case 70. 
Accordingly, the efficiency of heat transfer from the elec- 
tronic parts 21 and 22 mounted on the circuit boards 10 
to the case 70 can be improved. Since the driving tran- 
sistors 21 are covered with the walls 72 projecting from 
the case 70, the electronic circuit apparatus has excel- 
lent noise resistance. 

[0040] Further, since the circuit boards 1 0 are not di- 
rectly fixed to the case 70, stresses which may be in- 
duced in the terminals 31 of the circuit boards 10, and 
the motherboard 60 when assembling the electronic cir- 
cuit apparatus 100, when the electronic circuit appara- 
tus 1 00 is subjected to a heat cycle or when the elec- 
tronic circuit apparatus 100 vibrates can be reduced. 
Since the walls 72 are disposed near the connector unit 
50, the distances between the driving transistors 21 
mounted on the circuit boards 1 0 and the connector unit 
50 can be reduced to the least possible extent. Accord- 
ingly, high current flowing in the driving transistors 21 
can efficiently flow to the connector unit 50. Since the 
walls 72 projecting from the case 70 lie near the con- 
nector unit 50, external noise, such as electromagnetic 
waves, infiltrating through the connector unit 50 into the 
electronic circuit apparatus 100 can be screened. 
[0041] In a modification of the second embodiment, 
as shown in Fig. 1 3, the circuit boards 1 0 bonded to heat 
radiating fins 40 are arranged in two banks. Work nec- 
essary for mounting the circuit boards 1 0 on the moth- 
erboard 60 can be reduced by bonding the circuit boards 
10 to each heat radiating fin 40. When the number of 
the circuit boards 10 is large, all the circuit boards 10 
cannot be mounted on the one heat radiating fin 40 dis- 
posed near the connector unit 50, and a plurality of heat 
radiating fins 40 are necessary. There is no any restric- 
tion on the number of the circuit boards 10 on the heat 
radiating fin 40. The number of walls 72 projecting from 
the case 70 is dependent on the number of the heat ra- 
diating fins 40 to which the circuit boards 1 0 are bonded, 
and the walls 72 are formed so as to correspond to the 
heat radiating fins 40 to which the circuit boards 1 0 are 
bonded. Spaces defined by the walls 72 are filled be- 
forehand with the heat-conductive resin 73, and the heat 
radiating fins 40 to which the circuit boards 1 0 mounted 
with the electronic parts 21 and 22 are inserted in spac- 
es to complete assembling. 

[0042] In another modification of the second embod- 
iment, as shown in Fig. 1 4, which is not within the scope 
of the present invention any member corresponding to 
the heat radiating fin 40 is not used and the circuit 
boards 1 0 mounted with electronic parts 21 and 22 are 
inserted in a groove defined by walls 72 projecting from 
a case 70 to fix the circuit boards 10 in place in the 
groove by the heat-conductive resin 73 filled beforehand 
in the groove. Since the heat radiating fin 40 is unnec- 
essary, assembling work can be reduced and the 
number of component parts is reduced to reduce the 
cost. 

[0043] In a further modification of the second embod- 



iment, as shown in Fig. 15, a spring 74 is interposed 
between a heat radiating fin 40 to which ceramic circuit 
boards 1 0 are bonded and walls 72 projecting from a 
case 70 instead of filling the groove defined by the walls 
5 72 projecting from the case 70 with the heat-conductive 
resin 73 intheforegoing embodiment. Thespring 74 has 
a predetermined width and the shape of teeth of a comb, 
and is disposed between the walls 72. When the heat 
radiating fin 40 to which ceramic circuit boards 10 are 
10 bonded is inserted in the space defined by the walls, the 
teethlike parts of the spring 74 are distorted elastically 
so as to hold the heat radiating fin 40 in place. Heat gen- 
erated by the electronic parts 21 and 22 and transferred 
to the circuit boards 1 0 and the heat radiating fin 40 can 
15 efficiently be transferred through the spring 74 to the 
walls 72 projecting from the case 70. Since the heat ra- 
diating fin 40 and such can be held in contact with the 
walls 72 by the resilience of the elastically distorted 
spring 74, stresses which may be induced in the termi- 
te? nals 31 of the circuit boards 1 0 and the motherboard 60 
when assembling the electronic circuit apparatus 100, 
when the electronic circuit apparatus 100 is subjected 
to a heat cycle or when the electronic circuit apparatus 
100 is vibrated can be reduced. 
25 [0044] The present invention should not be limited to 
the disclosed embodiments and modifications thereof, 
but may be modified further without departing from the 
scope of the invention as disclosed in the attached 
claims. For instance, though each circuit board prefer- 
30 ably have excellent heat radiating property and is a thick 
film type, a metal circuit board or epoxy resin printed 
circuit board may be used instead. 

35 Claims 

1 . An electronic circuit apparatus comprising: 

a case (70) having an opening and being made 
40 of a material having a high thermal conductivity; 

a plurality of circuit boards (10) mounted with a 
plurality of electronic parts (21 , 22) including 
heat-generative electronic parts (21), charac- 
terized by 

45 one ormore heat radiating members (40) joined 

to the circuit boards (10) to absorb and radiate 
heat generated by the heat-generative elec- 
tronic parts (21 , 22), said heat radiating mem- 
ber being arranged in heat conductive relation 

50 with respect to said case such that the heat ra- 

diating members transferthe heat generated by 
said heat-generative electronic parts to said 
case; and 

a motherboard (60) electrically connected to 
55 the circuit boards (10) and fixedly holding the 

heat radiating members (40). 

2. An electronic circuit apparatus according to claim 
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1 , wherein a connector unit (50) is nnounted in the 
opening of said case (70). 

3. An electronic circuit apparatus according to clainn 

2, wherein one of the heat radiating members (40) 
is disposed adjacent to the connector unit (50) in 
said case. 

4. An electronic circuit apparatus according to claim 2 
or 3 wherein the connector unit (50) is mounted on 
the motherboard (60) for electrical connection with 
external wiring lines and connected to said circuit 
boards (1 0) through the motherboard (60). 

5. An electronic circuit apparatus according to one of 
the preceding claims, wherein the heat radiating 
member (40) Is made of metal. 

6. An electronic circuit apparatus according to one of 
the preceding claims 2 to 5, wherein one of the heat 
radiating members (40) Is disposed adjacent to and 
substantially In parallel with the connector unit (50). 

7. An electronic circuit apparatus according to one of 
the preceding claims 2 to 6 further comprising: 

a terminal arraying member (35) provided with 
holes (35a) formed in an arrangement corre- 
sponding to an arrangement of terminals (31) 
on the circuit boards (1 0), the terminal arraying 
member (35) holding the terminals (31 ) in elec- 
trically connected relation to the motherboard 
(60) on said side of said heat radiating member 
opposite the connector unit (50). 

8. An electronic circuit apparatus according to one of 
the preceding claims, wherein the circuit boards 
(10) are thick-film circuit type made of highly heat- 
radiative material, and each circuit board is as- 
signed to a specific function of driving a control sys- 
tem of an engine. 

9. An electronic circuit apparatus according to one of 
the preceding claims, wherein the electronic parts 
(21 , 22) are mounted on the circuit boards (1 0) as- 
signed to specific control functions of a vehicle dif- 
ferent from each other, respectively. 

10. An electronic circuit apparatus according to claim 
9, wherein the heat-generative electronic parts (21 ) 
are power devices for driving controlled systems of 
an engine of the vehicle, the circuit boards (10) 
mounted with the power devices (20) are provided 
with control circuits for controlling the power devic- 
es. 

11. An electronic circuit apparatus according to one of 
the preceding claims, wherein the case (70) has a 



protrusions (75) projecting into an inside thereof, 
the heat radiating member (40) has a protrusion 
(41), and both of the protrusions (75, 41) are In con- 
tact to transfer heat. 

5 

12. An electronic circuit apparatus according to one of 
the preceding claims, further comprising: 

walls (72) projecting from the case (70) toward 
10 the motherboard (60) to form an opening ther- 

ebetween and surrounding at least a part of an 
area In which the electronic parts (21 , 22) are 
disposed. 

^5 13. An electronic circuit apparatus according to claim 
1 2, wherein spaces between the circuit boards (1 0) 
and the walls (72) are filled with a heat-conductive 
resin (73). 

20 14. An electronic circuit apparatus according to claim 
12, wherein a heat-conductive elastic member (74) 
is inserted in spaces between the circuit boards (1 0) 
and the walls (72). 

25 15. An electronic circuit apparatus according to one of 
the preceding claims, wherein the case (70) com- 
prises walls (72) projecting from the case (70) to- 
ward the motherboard (60) in parallel with the circuit 
boards (10) to form an opening therebetween and 

30 to surround at least a part of an area In which the 
electronic parts (21, 22) are disposed, wherein 
spaces between the circuit boards (10) and the 
walls (72) are filled with a heat-conductive resin 
(73). 

35 

16. An electronic circuit apparatus according to one of 
the preceding claims 12 to 15, wherein a heat-con- 
ductive elastic member (74) is inserted in spaces 
between the circuit boards (10) and the walls (72). 

40 

17. An electronic circuit apparatus according to claim 
15 or 16, wherein the connector unit (50) is dis- 
posed near and substantially in parallel with the 
walls (72). 

45 

18. A method for assembling an electronic circuit appa- 
ratus comprising: 

bonding a plurality of circuit boards (1 0) mount- 
so ed with a plurality of electronic parts (21 , 22) 
including heat-generative electronic parts (21) 
to a heat radiating member (40) with an adhe- 
sive (45) having a high thermal conductivity; 
filling a fluidic resin between a pair of walls (72) 
55 of a case (70) made of a material having a high 
thermal conductivity; 

inserting the heat radiating member (40) with 
the circuit boards (10) thereon into the fluidic 
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resin; and 

joining the heat radiating member (40) to a 
motherboard (60). 

Patentanspruche 

1 . Eine elektronische Schaltungsvorrichtung mit: 

einem Gehause (70), das eine Offnung auf- 
weist, und aus einem Material hergestellt ist, 
das eine hohe thermische Leitfahigkeit auf- 
weist; 

einer Vielzahl von Leiterplatten (1 0), die mit ei- 
ner Vielzahl von elektronischen Teilen (21 , 22) 
bestuckt sind, welche warmeerzeugende elek- 
tronische Telle (21) enthalten, gekennzeich- 
net durch 

einm oder mehreren warmeabstrahlenden 
Bauteilen (40), die mit den Leiterplatten (10) 
verbunden sInd, um die von den warmeerzeu- 
genden elektronischen Teilen (21 , 22) erzeugte 
Warme zu absorbieren und abzustrahlen, wo- 
bei das warmeabstrahlende Bauteil warmelei- 
tend In Bezug auf das Gehause angeordnet Ist, 
so da3 die warmeabstrahlenden Bautelle die 
von den warmeerzeugenden elektronischen 
Teilen erzeugte Warme auf das Gehause uber- 
tragen; und 

einer Hauptplatlne (60), die mit den Leiterplat- 
ten (10) elektrisch verbunden ist, und die war- 
meabstrahlenden Bauteilefest halt. 

2. Eine elektronische Schaltungsvorrichtung nach An- 
spruch 1 , wobei eine Verbindungseinheit (50) in der 
Offnung des Gehauses (70) befestigt ist. 

3. Eine elektronische Schaltungsvorrichtung nach An- 
spruch 2, wobel eines der warmeabstrahlenden 

Bauteile (40) angrenzend an die Verbindungsein- 
heit (50) in dem Gehause angeordnet ist. 

4. Eine elektronische Schaltungsvorrichtung nach An- 
spruch 2 Oder 3, wobei die Verbindungseinheit (50) 
auf der Hauptplatlne (60) zur elektronischen Verbin- 
dung mit externen Verdrahtungsleltungen verbun- 
den Ist, und mit den Leiterplatten (10) durch die 
Hauptplatlne (60) verbunden ist. 

5. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche, wobel das 
warmeabstrahlende Bauteil (40) aus Metall herge- 
stellt ist. 

6. Eine elektronlche Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche 2 bis 5, wobel 

eines der warmeabstrahlenden Bauteile (40) an- 
grenzend zu, und im wesentlichen parallel mit der 



Verbindungseinheit (50) angeordnet ist. 

7. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche 2 bis 6, ferner 

5 mit: 

einem Anschlu3anordnungsbauteil (35), das 
mit Offnungen (35a) ausgestattet Ist, ausgebil- 
det In einer Anordnung entsprechend einer An- 

10 ordnung von Anschlussen (31) auf den Leiter- 

platten (10), wobei das AnschluBanordnungs- 
bautell (35) die Anschlusse (31) In elektrisch 
verbundener Bezlehung mit der Hauptplatlne 
(60) auf der Seite des warmeabstrahlenden 

f5 Bauteils gegenuber der Verbindungseinheit 

(50) halt. 

8. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche, wobei die 

20 Leiterplatten (10) vom Typ DIckfilmschaltung sInd, 
hergestellt aus gut warmeabstrahlendem Material, 
und jeder Leiterplatte eine bestlmmte Funktlon des 
Steuerns eines Steuerungssystems eines Motors 
zugewiesen ist. 

25 

9. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche, wobei die 
elektronischen Telle (21, 22) auf den Leiterplatten 
(10) befestigt sind, die bestimmten Steuerungs- 

30 funktlonen eines Fahrzeugs zugewiesen sInd, die 
sich jeweils voneinander unterscheiden. 

1 0. Eine elektronische Schaltungsvorrichtung nach An- 
spruch 9, wobei die warmeerzeugenden elektronl- 

35 schen Telle (21) Leistungsvorrichtungen zum steu- 
ern von gesteuerten Systemen eines Motores des 
Fahrzeuges sind, wobei die Leiterplatten (10), die 
mit den Leistungsvorrichtungen (20) bestuckt sInd, 
mit Steuerschaltungen zum Steuern der Leistungs- 

40 vorrichtungen ausgestattet sind. 

11. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche, wobei das 

Gehause (70) Vorsprunge (75) aufweist, die in eine 
45 Innenseite davon hervorstehen, wobei das war- 
meabstrahlende Bauteil (40) einen Vorsprung (41) 
aufweist, und belde Vorsprunge (75, 41) mltelnan- 
der in Kontakt sind, um Warme zu ubertragen. 

50 12. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche, ferner mit: 

Wanden (72), die von dem Gehause (70) In 
Richtung der Hauptplatlne (60) hervorstehen, 
55 um eine Offnung dazwischen auszubllden, und 

mindestens einen Tell eines Berelches in dem 
die elektronischen Telle (21, 22) angeordnet 
sind, umgeben. 
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13. Eine elektronische Schaltungsvorrichtung nach An- 
spruch 12, wobei Raume zwischen den Leitplatten 
(10) und den Wanden (72) mit einenn warmeleiten- 
den Harz (72) gefullt sind. 

14. Eine elektronische Schaltungsvorrichtung nach An- 
spruch 12, wobei ein warmeleitendes elastisches 
Bautell (74) In den Raunnen zwischen den Leiter- 
platten (1 0) und den Wanden (72) eingefugt ist. 

15. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche, wobei das 
Gehause (70) Wande (72) umfaBt, die von dem Ge- 
hause (70) in Richtung der Hauptplatine (60) paral- 
lel mit den Leiterplatten (10) hervorstehen, um eine 
Offnung dazwischen auszubilden, und um minde- 
stens einen Teil eines Bereiches, in denn die elek- 
tronischen Telle (21 , 22) angeordnet sind, zu unn- 
geben, wobei Raume zwischen den Leiterplatten 
(10) und den Wanden (72) miteinem warmeleiten- 
den Harz (73) gefullt sind. 

16. Eine elektronische Schaltungsvorrichtung nach ei- 
nem der vorhergehenden Anspruche 12 bis 15, wo- 
bei ein warmeleitendes elastisches Bautell (74) in 
Raumen zwischen den Leiterplatten (10) und den 
Wanden (72) eingefugt ist. 

17. Eine elektronische Schaltungsvorichtung nach An- 
spruch 15 Oder 16, wobei die Anschlu3einheit (50) 
in der Nahe und im wesentlichen parallel mit den 
Wanden (72) angeordnet ist. 

18. Ein Verfahren zum Zusammenbauen einer elektro- 
nischen Schaltungsvorrichtung, das umfa3t: 

das Bonden einer Vielzahl von Leiterplatten 
(10), die mit einer Vielzahl von elektronischen 
Teilen (21, 22) bestuckt sind, die warmeerzeu- 
gende elektronische Telle (21) enthalten, an ein 
warmeabstrahlendes Bauteil (40) mit einem 
Klebstoff (45), der eine hohe thermische Leit- 
fahigkeit aufweist; 

das Fullen eines flussigen Harzes zwischen ein 
Paar von Wanden (72) des Gehauses (70), das 
aus einem Material hergestellt ist, das eine ho- 
he thermische Leitfahigkeit aufweist; 
das Einfugen des warmeabstrahlenden Bau- 
teils (40) mit den Leiterplatten (10) darauf in 
das flussige Harz; und 

das Verbinden des wanneabstrahlenden Bau- 
teils (40) mit einer Hauptplatine (60). 

Revendications 

1 . Appareil a circuit electronique comprenant : 



un boitier (70) ayant une ouverture et fabrique 
en un materiau de haute conductibilite 
thermique ; 

une pluralite de cartes de circuits (10) sur les- 
5 quels sont montes une pluralite de composants 

electroniques (21 , 22) comprenant des compo- 
sants electroniques generateurs de chaleur 
(21), caracterise par 

un ou plusieurs elements radiateurs de chaleur 
10 (40) qui sont relies aux cartes de circuits (10) 

afin d'absorber et de rayonner la chaleur dega- 
gee par les composants electroniques genera- 
teurs de chaleur(21 , 22), le ou les plusieurs dits 
elements radiateurs (40) etant disposes dans 
15 une relation de conduction de chaleur avec ledit 

bottler de maniere a ce que lesdits elements 
transferent audit bottler la chaleur degagee par 
lesdits composants electroniques generateurs 
de chaleur ; et 

20 une carte mere (60) reliee electriquement aux 

cartes de circuits (10) et maintenant les ele- 
ments radiateurs de chaleur (40) en place de 
maniere fixe. 

25 2. Appareil a circuit electronique selon la revendica- 
tion 1 , dans lequel une unite de connecteur (50) est 
montee dans I'ouverture dudit boitier (70). 

3. Appareil a circuit electronique selon la revendica- 
30 tion 2, dans lequel I'un des elements generateurs 

de chaleur (40) est dispose de maniere adjacente 
a I'unite de connecteur (50) dans ledit bottier. 

4. Appareil a circuit electronique pour circuit electro- 
35 nique selon la revendication 2 ou 3, dans lequel 

I'unite de connecteur (50) est montee sur la carte 
mere (60) en vue d'une connexion electronique 
avec des cablages exterieurs et est reliee aux dites 
cartes de circuits (1 0) par I'intermediaire de la carte 
40 mere (60). 

5. Appareil a circuit electronique selon Tune quelcon- 
que des revendications precedentes, dans lequel 

I'element radiateur de chaleur (40) est en metal. 

45 

6. Appareil pourcircuit electronique selon Tune des re- 
vendications precedentes 2 a 5, dans lequel un ele- 
ment radiateur de chaleur (40) est dispose de ma- 
niere adjacente a I'unite de connecteur (50)et sen- 
se siblement parallele a elle.. 

7. Appareil a circuit electronique selon I'une des re- 
vendications precedentes 2 a 6, comprenant en 
outre : 

55 

un element de mise en reseau de bornes (35) 
muni de trous (35a) formes selon une disposi- 
tion correspondant a une disposition des bor- 
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nes (31) sur les cartes de circuits (1 0), I'element 
de mise en reseau (35) maintenant les bornes 
(31) dans una relation de connexion electrique 
avec la carte mere (60) sur iedit cote de I'eie- 
ment radiateur de chaleur faisant face a I'unite s 
de connecteur (50). 

8. Appareil a circuit electronique selon I'une des re- 
vendications precedentes, dans lequel les cartes 

de circuits (10) sont de type a film epais etfabriques 10 
en materiau a fort rayonnement de chaleur, et cha- 
que carte de circuit est affecte a une fonction spe- 
clfique du circuit d'attaque d'un systeme de com- 
mande d'un moteur. 

15 

9. Appareil a circuit electronique selon I'une des re- 
vendications precedentes, dans lequel les compo- 
sants electroniques (21, 22) sont montes sur les 
cartes de circuits (10) respectivement affectes a 
des fonctions de commande specifiques et distinc- 20 
tes d'un moteur. 

10. Appareil a circuit electronique selon la revendica- 
tion 9, dans lequel les composants electroniques 
generateurs de chaleur (21 ) sont des dispositifs de 25 
puissance pour Tentramement de systemes com- 
mandes d'un moteur du vehicule, et ou les cartes 

de circuits (10) equipes des dispositifs de puissan- 
ce (20) sont munis de circuits de commande pour 
la commande des dispositifs de puissance. 

11. Appareil a circuit electronique selon I'une des re- 
vendications precedentes, dans lequel le boTtier 
(70) comporte une projection (75) en saillie dans 
I'interieur du boTtier, I'element generateur de cha- 35 
leur (40) comporte aussi une projection (41), et les 
deux projections (75, 41) sont en contact afin de 
transferer de la chaleur. 

12. Appareil a circuit electronique selon I'une des re- 40 
vendications precedentes, comprenant en outre : 



13. Appareil a circuit electronique selon la revendica- so 
tion 12, dans lequel les espaces entre les cartes de 
circuits (1 0) et les parois (72) sont remplis d'une re- 
sine thermiquement conductrice (73). 

14. Appareil a circuit electronique selon la revendica- ss 
tion 12, dans lequel un element elastique thermi- 
quement conducteur (74) est insere dans des es- 
paces entre les cartes de circuits (1 0) et les parois 



(72). 

15. Appareil a circuit electronique selon I'une des re- 
vendications precedentes, dans lequel le boTtier 
(70) comporte des parois (72) qui sont en projection 
par rapport au boTtier (70) en direction de la carte 
mere (60) parallelement aux cartes de circuits (1 0) 
de maniere a former une ouverture entre elles et a 
entourer au moins une partie d'une region dans la- 
quelle les composants electroniques (21, 22) sont 
disposes, les espaces entre cartes de circuits (10) 
et parois (72) etant remplis d'une resine thermique- 
ment conductrice (73). 

16. Appareil a circuit electronique selon I'une des re- 
vendications 12 a 14, dans lequel un element elas- 
tique themniquement conducteur (74) est insere 
dans les espaces entre les cartes de circuits (1 0) et 
les parois (72). 

17. Appareil a circuit electronique selon la revendica- 
tion 1 5 ou 1 6, dans lequel I'unite de connecteur (50) 
est disposee pres des parois (72) et sensiblement 
parallele a ces dernieres. 

18. Precede d'assemblage d'un appareil a circuit elec- 
tronique comprenant les etapes consistant a : 

coller une pluralite de cartes de circuits (10) sur 
lesquels sont montes une pluralite de compo- 
sants electroniques (21, 22) comprenant des 
composants electroniques generateurs de cha- 
leur (21 ) a un element radiateur de chaleur (40) 
a I'aide d'un adhesif (45) possedant une haute 
conductibilite thermique ; 
remplir I'espace entre une paire de parois (72) 
d'un boTtier (70) d'une resine fluide possedant 
une haute conductibilite thermique ; 
inserer I'element radiateur de chaleur (40), 
avec les cartes de circuits imprimes (1 0) fixees 
dessus, dans la resine fluide ; et 
joindre I'element radiateur de chaleur (40) a 
une carte mere (60). 



des parois (72) en saillie par rapport au boTtier 
(70) vers la carte mere (60) de maniere a former 
une ouverture entre elles et a entourer une par- 45 
tie au moins d'une region dans laquelle les 
composants electroniques (21 , 22) sont dispo- 
ses. 
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